This research aims to analyze the effect of the extract from a native plant from Caatinga, Allamanda blanchetti, in the induction of resistance mechanisms in a sugarcane variety smut-susceptible. Initially, it carried out a phytochemical analysis to know the main plant compounds used in this study. Diverse chemicals content in ethanolic extract from A. blanchetii were detected by thin-layer chromatography (TLC). Flavonoids, were more abundant compounds following by terpenes, stereroids and saponins. Under greenhouse conditions the sugarcane plants, SP-791011 (smut-susceptible), were sprayed with extracts from A. blanchetti extracted at cold at concentrations of 1000 ppm and acilbenzolar-S-metil (ASM) (100 mg/L). Leaves were collected at 0, 24 and 48 hours after spraying and used in the RT-PCR analysis for to identify the defense gene expression. Change in gene expression were observed in the different treatments, especially in the expression of pathogenesis-related (PR) genes. The extract of A. blanchetti induced an increase in the glucanase expression and was more effective than ASM inducer. SNPR1 gene show increased in the two treatment. The results indicate that A. blanchetti extracts was able to activate the resistance mechanism as observed in resistant plants. This paper is the first report about the use of Caatinga natural plant extracts inducing resistance genes against Sporisorium scitamineum in sugarcane susceptible genotype.
Introduction
Sugarcane (Saccharum spp.) is a major crop in Brazil and in many countries. It is one of the most important crop for the sugar production and renewable biofuel energy worldwide. The sugarcane production has been affected by many biotic and abiotic stresses, among them fungal diseases are one of the most important. Sugarcane smut is one of the most serious diseases of sugarcane. The disease is caused by the fungus, Sporisorium scitamineum, which infects plants through buds on standing stalks or germinating buds in the soil (Sundar et al., 2012; Sánchez-Elordi et al., 2016) , can cause considerable yield losses and reductions in cane quality (Olweny et al., 2008) . The best control method is to use resistant cultivars, which are widely available in different countries where sugarcane is grown (Chen et al., 2012) , however, costs make this strategy expensive. Induced resistance (IR) can be activated in plants by several substances, preventing or delaying pathogen entry or its subsequent activity in plant tissues, by their own defense mechanisms. Several inductor agents can induce the production of "signals" in plant tissue, triggering reactions that will result in a long-term protection against a wide range of plant pathogens. Perception occurs when inductor agents molecules bind to receptor molecules, probably located in the plasma membrane of the plant cell. These reactions trigger the activation of various defense mechanisms (Resende et al., 2007) . These mechanisms may involve enzymes such as β-1,3-glucanase, peroxidase and chitinase, among others. Plant extracts with bioactive substances may presents the capacity to act as resistance inducers (Barros et al., 2015) .
Phytochemical screening is very important in identifying new sources of therapeutically and industrially important compounds like alkaloids, flavonoids, phenolic compounds, saponins, steroids, tannins and terpenoids. Knowledge of the chemical constituents of plants is desirable because such information will be of value for the synthesis of complex chemical substances. Plant extracts that present bioactive substances may present the capacity to act as resistance inducer. Allamanda blanchetii is an ornamental plant of Allamanda genus in the Apocynaceae family. It is native plant of Caatinga, a semi-arid region of Brazil Northeastern, with a great diversity of plants and animals. Many active phytochemicals have been isolated from their leaves and roots (Sharmin et al., 2013; Mone t al. 2013; Savithramma et al., 2013) . Several reports described the native plant extracts potential to control plant diseases (Barros et al., 2015; Dos Santos et al., 2015; Peixinho et al., 2017) . Brazil´s flora species present high potential as a source of bioactive substances for control of plant diseases. In light of the vast biodiversity of the Caatinga and the need to discover new bioactive compounds, it is fundamental importance to study the flora of this region, which has been insufficiently researched.
Therefore, the objective of this work was to study A. blanchetti potential extracts for the control of the fungus S. scitamineum, as inducer of mechanisms resistance in sugarcane and as natural fungicide, aiming to reduce the use of pesticides in this crop.
Methods
The experiment was conducted in a greenhouse at the Instituto Agronômico de Pernambuco (IPA) and Biochemistry Laboratory of the Universidade Federal de Pernambuco (UFPE), Recife, Brazil. The sugarcane cultivar SP-791011 (smut-susceptible), used in this experiment, was provided by Agro-Indústrias do Vale do São Francisco S.A.-AGROVALE.
A. blanchetii leaves were collected from fields localized in the Afrânio city (Pernambuco, Brazil), at the geographical position 8º47′88″ S and 40º93′79″ W. The taxonomic identification was performed by Dr. Alexandre Gomes da Silva and a voucher specimen was deposited at the Herbarium IPA Dárdano de Andrade-Lima, Brazil (registration number 84112). Leaf tissues were dried in oven-dried at 40 °C for 72 h and then ground in a knife mill to obtain a fine and uniform powder. About 150 g of dried powdered leaves of the plant was subjected to maceration in cold 100% ethanol for 48h, with intermittent agitation. Then, the extract was filtered and the supernatant was concentrated in a rotary vacuum. This ethanolic extract was kept at 4 °C until the experiments for phytochemical analysis were done.
The phytochemical screening of the extract of A. blanchetti was performed by thin-layer chromatography (TLC), according to Harborne (1998) , on silica plates (60F254, aluminum backed, 200 μm layer thickness, 8.0 × 5.0 cm, Merck, Darmstadt, Germany). The presence of secondary metabolites were investigated using the adequate development systems. After development, the plates were air dried and sprayed with the revealers in a fume hood.
Sugarcane plants, variety SP-791011, were grown in PVC pots containing 15 kg soil. The experiment was carried out in a greenhouse (29 °C and 70% RH) with 21 samples in randomized blocks and seven replications per treatment. At 105 days after germination was started applying the following treatments: (1) spraying with sterile distilled water (concentration 0); (2) spraying with crude extract of A. blanchetti, cold extraction, at concentration of 1000 ppm; (3) ASM (acilbenzolar-S-metil), at concentration of 100mgl -1. ASM is one of the elicitors more used in the control of plant diseases through induction of resistance and it was used in this experiment for the purpose of comparison with the results of gene expression of A. blanchetti. Leaf tissues were collected at 0 h, 24 h and 48 hours after induction. Samples were maintained at -80 °C until processed. Total RNA was isolated from leaves using TRIzol® Reagent (Invitrogen) according to the manufacturer's instructions. The quality and concentration of total RNA were measured by electrophoresis on 1.2% agarose denaturing gel and spectrophotometer, respectively. Aliquot of 5 mg of total RNA was used as a template for cDNA synthesis in RT-PCR analysis using the SuperScript® III kit (Invitrogen) following the manufacturer's recommendations. Complementary DNA (cDNA) obtained at 0h, 24 h and 48 h of treatment was used to PCR amplification of PR genes. RT-PCR was performed under the following conditions: 50 °C for 30 min and 94 °C for 3 min, followed by 30 amplification cycles (94 °C for 30 sec, 55 °C for 30 sec and 72 °C for 1 min) and 7 min at 72 °C. The jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 3; 2019 primers used to amplification of the PR genes are listed in Table 1 . The final amplification product was separated on a 1.2% agarose gel, visualized and analysed by L-PIX EX software (Loccus). 
Results
Phytochemical investigation of crude organic extracts of A. blanchetti leaves revealed the presence of several secondary metabolites. Flavonoids were more abundant compounds following by terpenes, steroids and saponins (Table 2 ). This results showed that plant extract contain molecules with potential for the application against smut disease. Others metabolites such as alkaloids, coumarins, quinones and reducing sugars were absent in the extracts. To investigate whether the defence-related genes are induced by crude extract of A. blanchetti, total RNAs from sugarcane leaves were extracted and analyzed by RT-PCR. The gene expression analysis shown that the inducers were efficient in activating a metabolic pathway of defense (Table 3) . Inducers ASM and A. blanchetti extract, used in this study, were both effective in inducing resistance genes, however, they showed differences in the expression of the Glucanase 48 h after induction. Expression of this gene was significantly greater in the treatment with A. blanchetti extracts as compared to ASM inducer. Peroxidase and Chitinase genes was 2-fold expressed at 48 hours after inoculation. Same result was observed in the treatment with the asm inducer. PR-5 gene was 2-fold expressed only at 24 h with A. blanchetti extracts. SCNPR1 gene, activator of the metabolic route of defense, had expression increased over time (3-fold) in both treatments, not varying in control. 
Discussion
For investigate the sugarcane responses in the early stages, after application whith elicitors, we performed phytochemical studies and assessed the resistance gene expression profile of smut-susceptible sugarcane genotype. Medicinal plants contain secondary metabolites, which often play an important role in plant defenses, and are capable of destroying or inhibiting the growth of microorganism (Sumathi & Anuradha, 2016) . Antipathogenic properties of flavonoids result from their strong antioxidative properties. Their antifungal activity is based on the inhibition of spore development and mycelium hyphae elongation (Mierziak et al., 2014) . The role of saponins in the plants serves an anti-feedant and to protect against phytopathogenic fungi (Koul, 2008) . Essiett and Udo (2015) , studied phytochemical screening of Allamanda cathartica. They found flavonoids was moderately present in the leaves, while saponins were present in traces in the leaves and flowers.
Tannins were moderately present in the leaves, while terpenes were abundantly present in the stem, leaves and moderately present in the flowers. Like these cited reports, our analyzes revealed the moderate presence of tannins and saponins while flavonoids were more abundant. This indicates that the extracts of A. blanchetti were able to induce this compound which is correlated to the phytopathogenic defense mechanism.
Biological control is becoming increasingly important in integrated pest management programs, especially when discussing integrated production towards sustainable agriculture. Many plant and plant extracts have been reported to have antimicrobial properties against plant pathogenic fungi (Sharmin et al., 2013; Vergnes, 2014; Akladious et al., 2015; Santos et al., 2015) . Allamanda species extract has been proved as effective in controlling plant pathogenic fungi (Islam, 2004; Ravikumar et al., 2013; Basar et al., 2011; Mone et al., 2013; Barros et al., 2015; Brito et al., 2018) . However, there is a small report available in the studies on detailed analyzes of leaf extract and its antifungal activity against plant pathogens. Nevertheless, it is reported that A. blanchetii have different bioactivities, and then further investigation is important to isolate the active principles to correlate with their biological activities.
In the initiation of the defense in plants are activated two main routes in the induction of systemic resistance: SAR (Systemic Acquired Resistance) and ISR (Systemic Induced Resistance), which promote the expression of PR proteins and is mediated by a salicylic acid-dependent process. ASM (benzo-(1,2,3)-triadiazole-7-carbothioic acid Ester-S-methyl) is one of the most promising and most used inducers of resistance, which provides protection to a broad spectrum of pathogens. Providing increased resistance to diseases in many plant species, by their action similar to salicylic acid in the signal transduction pathway (Cruz et al., 2013) . Studies shown that ASM induce the activity of 1,3-β-glucanase, peroxidase and chitinase, confirming the involvement of these enzymes in the systemic acquired resistance. Plant β-1,3-glucanases are pathogenesis-related (PR) proteins, which belong to the PR-2 family of pathogenesis-related proteins and are believed to play an important role in plant defense responses to pathogen infection (Ebrahim et al., 2011) . The pathogenesis-Related gene 1 (PR1) is particularly induced during defense response, being used as a marker for establishment of SAR in plants. The NPR1 protein (non-expressor of pathogenesis related gene 1) is a transcriptional co-activator and positive regulator of SAR, a long-lasting mobile defense signal found in plants. The NPR1 gene has been cloned and characterized in Sugarcane (Saccharum spp. hybrids) (ScNPR1). It has been shown to share an 83% sequence identity with NPR1 from maize (ZmNPR1), as well as display a very close relationship with NPR1 from banana (MdNPR1) (Pirnia, 2016) . Chen et al. (2012) noted that resistant sugarcane plants in contact with the pathogen activates this gene to prevent infection by S. scitamineum. Lao et al. (2008) examined differential expression proteins in sugarcane smut-susceptible and resistant varieties after inoculation with S. scitamineum at 0, 24 and 72 hours post inoculation. In the susceptible genotype PR-5 protein and Peroxidase were up-regulated only at 24 h whereas they were up-regulated in resistant at both 24 and 72 h post inoculation. Glucanase and chitinase were up-regulated only resistant genotype at 24 h and 72 h. In our study, with a susceptible genotype, glucanase and chitinase were expressed at different levels at 0, 24 and 48 h. This demonstrates that use of A. blanchetti extract as elicitor was able to induce defense genes in plants in response to sugarcane smut. Su et al. (2016) studied the response in sugarcane genotypes 0, 24 and 48 hours after inoculation with S. scitamineum. Most proteins, differentially expressed, were closely related to sugarcane smut resistance such as pathogenesis-related protein 1 (PR1), PR5, beta-1,3-glucanase and peroxidase. Glucanase expression, in the resistant genotype, was 2-fold (compared to control) at 24 h, decreasing its expression at 48 h. However expression level at 0 and 48 h were similar for both genotypes. Expression of PR1 was gradual over time and expressed for its intensity at 48 h in the susceptible genotype. Peroxidase was most expressed at 48 h (2-fold) in the resistant variety. Our results were similar to those cited above, however the expression of Glucanase was higher at 48h after induction with A. blanchetti extracts. Glucanase and PR1 are the most highly induced (3-fold) as compared to control.
Extracts from Allamanda blanchetti and the ASM resistance inducer presented similar responses regarding induction of resistance gene expression. Thus, it is understood that the elicitation of both PR-proteins and secondary metabolism products, such as phenolic compounds and their derivatives, by the application of natural products may contribute to the reduction of sugarcane plant diseases.
Remarks
Natural products play an important role in the search for new active drugs. Medicinal plants from Caatinga´s environments have been the subject of various studies in the search for new antimicrobial compounds. Based on the results obtained with the present study, the natural extract of A. blanchetti possess antimicrobial substances that can inhibit the growth of the pathogenic fungi. It was able to activate the resistance mechanism in a sugarcane smut-susceptible genotype, increasing PRs and ScNPR1 genes expression. In addition, it presented expression levels similar to ASM resistance inducer, demonstrates potential to be used as elicitor of resistance for alternative control of infection by fungus diseases in sugarcane.
